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Birbeck granules (BG) are cytoplasmic organelles that 
are only found in Langerhans cells (LC). The function 
ofBG is still unclear, although it has been claimed that 
they are actively involved in receptor-mediated endo-
cytosis and participate in the antigen-processing/ 
presenting function of LC. We have identified a 
healthy white 29-year-old man whose LC completely 
lack the presence ofBG as determined by electronmi-
croscopic studies. This was observed repeatedly using 
skin biopsy specimens taken from several places on the 
body during a period of2.5 years. The absence ofBG in 
these LG was documented further by the lack of stain-
ing with a BG-specific monoclonal antibody. Despite 
the complete lack of BG, LC were present in normal 
M ajor histocompatibility complex class II - positive epidermal Langerhans cel~s (LC) rep~esent. a minor (3-6%) cell po~ulatl~n of the epld~rm~s, but playa pivotal role 111 an tigen presentation 111 the skin and are crucial for the induction and eli-
citation of contact hypersensitivity. They are located in the supraba-
sal layer and assume a dendritic configuratio~. ~ell surface marke:s 
that are used commonly to identify LC as dlst1l1ct from other epI-
dermal cells are the enzyme ATPase and COla. On electron mi-
crosCOpy, LC are characterized by a uni9ue cytoplasmic organelle, 
the Birbeck granule (BG) [1,2]. The BG IS a rod-shaped cytoplasm.lC 
organelle that is only present in epid~rmal LC. BG ar.e not found 111 
dendritic cells at other tissue locations and they disappear upon 
culture of LC [3,4]. Since the first description of the BG as an 
LC-specific organelle, many studies have. addresse~ its origin and 
function. It has been proposed that BG are 1I1volved 111 receptor-me-
diated endocytosis and as such could play a role in intracellular 
processing of antigen [5 -10]. . . 
Although it is well established that BG disappear from LC 111 
culture, it has been impossible to test formally the involvement of 
BG in LC function because LC ill vivo always contain BG. In the 
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numbers, had all the usual morphologic characteris-
tics, and were CDla and human leukocyte antigen 
(HLA) class IT positive. Two observations indicate that 
these BG-negative LC display normal antigen-
presenting capacity. First, the individual could be sen-
sitized by the hapten diphenylcyclopropenone. This 
was accompanied by a strong increase in the cell sur-
face expression of HLA class II antigens on his LC, 
suggesting LC activation. Second, his epidermal cells 
elicited a normal positive response in an allogeneic 
mixed epidermal cell lymphocyte reaction. Together 
these observations strongly suggest that BG are not a 
prerequisite for normal LC function in vivo and in vitro. 
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present report, we describe the complete lack of BG in the LC of a 
healthy white man. Based on morphologic criteria, the expression 
of characteristic LC markers irlsitu such as human leukocyte antigen 
(HLA) class II and CD la, and antigen-presenting capacity, these LC 
appeared otherwise norm~l. and functional. These results suggest 
that BG are not a prerequIsite for normal LC function. 
MATERIALS AND METHODS 
Subjects A healthy white 29-year-old mau participated in the experi-
ments after provld1l1g wntten mformed consent. This individual had no 
history of allergy to common known environmental haptens such as nickel 
or pollen. Five biopsy specimens of normal skin were obtained from the 
flexor forearm and the buttock during a period of2.5 years. Three hours after 
sensitization with the hapten diphcnylcyclopropenone on the upper arm, a 
biOpsy was performed before clinical manifestations were visible. After sen-
sitiz~tion he was challenged. o~ the uppe~ ann, and a biopsy specimen was 
obtalIled 72 hours after eitcltatlon. At tillS tIme, the skin of his upper arm 
showed clImca] features of a 3+ positive patch test with erythema, edema, 
and 1~~ICrovesicul ation. In addition, wc obtained a biopsy specimen of a 72-h 
posItIve 111ckel patch test from a patient who was referred for evaluation in 
t?C outpatient clinic of the Department of Dermatology of Leiden U niver-
Slty Hospital. BiOPSY specimcns from fivc normal healthy white volunteers 
were taken as controls. Immediately after biopsy, the specimens were cut in 
half and fixed for ultras tructural morphology and immunoelectron micros-
copy, respectively. 
Electron Microscopy Specimens were cut into small blocks and fixed in 
2% paraformaldehyde with 2.5% glu taraldehyde, postfixed in 1 % OsO., 
dehydrated, and embedded in Epon. For quantification, ultrathin sections 
were prepared from three blocks of each specimen. At least tOOO epidermal 
cells were counted per section and the percentage ofLC was determined. LC 
were identificd by the followin g cri teria: a clear cytoplasm devoid of tonofi-
laments, a lobulated and frequently convoluted nuclens, no desmosomes and 
melanosomes, and (if present) BG. 
ImmuDoelectron Microscopy The biopsy specimens were processed as 
described elsewhere (11). Briefly, the specimens were immersed in fixative 
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Figure 1. LC in situ ofEpon-embedded skin samples showing typical characteristics as a lobulated nucleus, clear cytoplasm without tonofila-
ments, and the absence of desmosomes in normal skin (a) and skin of our individual (c). Higher magnifications of a and c are shown in band d, 
respectively, and demonstrate the presence of numerous BG in b (arrows) and the absence ofBG in d (the LC of our individual) . K, keratinocyte; N , nucleus. 
Bar, 1 )1.m. 
(2% paraformaldehyde in phosphate buffer, pH 7.4), cut into small blocks, 
and frozen in liquid nitrogen. Ultrathin sections were prepared and incu-
bated with one of two monoclonal antibodies (MoAb): LAG (1 : 20) or COla 
(1 : 100), followed by goat anti-mouse colloidal gold (1 : 40). MoAb PdV 5.2 
was conjugated directly to 10 nm colloidal gold as described elsewhere [12] 
and di luted 1: 400. Control sections were incubated with one of two irrele-
vant isotype-matched antibodies. Virtually no labeling with colloidal gold 
particles could be detected on these sections. After incubation, the sections 
Figure 2. Ultrathin cryosections of skin 
samples showing LC in situ stained with 
MoAhs specific for BG (a, b), CDla (mainly 
on the cell surface) (small arrowheads in c, d), 
and HLA class II (mainly in electron-dense 
vesicles) (large arrowheads in e, f). Ultrathin 
cryosections were prepared from skin specimens 
obtained from a normal volunteer (0, c, e) and 
from our individual (b, d,j). Arrows indicate BG. 
Bar, = 0.5 )1.m. 
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were embedded in methylcellulose and stained with uranylacetate. The 
LAG antibody is of the IgG 1 subclass and reacts specifically with a BG-asso-
cia ted antigen ([13); kindly provided by Dr. M. Kaslllhara-SawaIlli. Kyoto. 
Japan). The COla-specific antibody used was 66-II-C7 (Isotype IgG2a. 
Monosan. Sanbio. The Netherlands). The PdV 5.2 antibody IS of the IgG 1 
subclass and reacts with the HLA class II antigen.s DR. DQ. and DP [14). 
Goat anti-mouse IgG co~ugated to 10 nm collOidal gold partlcles (Auro-
Probe EM. Amersham. England) was used as a second antibody. 
Mixed Epidermal Cell Lymphocyte Reaction (MECLR) . MECLR 
, was performed as described in detail previously [1 5). The stunulatlOn 1l1dex 
was calculated as follows: counts per minute (allogeneic responder cel ls + 
epidermal cell suspension)/counts per minute (allogeneic responder 
cells) + (epidermal cells). 
RESULTS AND DISCUSSION 
Ultrastructurally. LC can be characterized by morphologic criteria 
such as lobulated. frequently convoluted nucleus; a clear cytoplasm 
devoid of tonofilaments, desmosomes. or melanosomes; and the 
presence of rod-shaped DG (Fig ta, b). In studies to determine the 
short-term and long-term effects of ultraviolet D on human epider-
mal LC, we quantified LC at the ultrastructural level using these 
criteria. In normal, untreated skin of healthy individuals, 4 - 6% of 
the epidermal cells were LC [12,16) . In one individual, however, 
normal numbers ofLC were observed (279 of 4266 epidermal cells, 
6.5%) but these LC completely lacked the presence of DG (Fig 
lc,d); in the other individuals. approximately 40% of these LC were 
BG positive (Table I). This was observed with five biopsy speci-
LANGERHANS CELLS THAT LACK BlIWECK GRANULES 809 
Figure 3. LC in the epidermis of our individ-
ual. a) Epon-embedded skin 3 h after sensitization 
with diphellylcyclopropenone. showing LC that 
completely lack EG. Asterisks indicate centriole. b) 
Detail of an ultrathin cryosection of a biopsy speci-
men taken 72 h after elicitation. stained with an 
HLA class II-specific antibody. Compared to LC in 
unstimulated epidermis (Fig 2e, f). this LC shows 
an upregulated intracellular (large arrowheads) and 
cell surface (small arrowheads) expression of HLA 
class II molecules. Bar, 0.5 11m. 
mens of normal skin taken from several areas of the body during a 
period of2.5 years. N o differences in morphology could be detected 
between the LC of controls and those of our individual. 
To study the phenotype of these DG negative LC in more detail. 
we applied a sensitive immuno-electron microscopy technique, in 
which ultrathin cryosections of epidermal tissue were incubated 
with MoAbs in conj unction with colloidal gold. This technique 
allows observation of cel ls at the ultrastructural level and determi-
nation of both cell-surface-bound and intracellularly located mole-
cules of LC in sit ll . When normal epidermis with DG-containing 
LC was studied using the moAb LAG. which is specific for a DG-as-
sociated antigen, colloidal gold labeling was found 011 DG and on 
some electron-dense vesicular structures. In many of these vesicles, a 
fine structure resembl ing that of DG could be distinguished. sug-
Table I. Distribution of BG in LC of Control Subjects 
(n = 5) and of Our Individual 
Total number of LC observed" 
BG-positive LC' 
Controls 
1470 
899 (40%) 
Study Individual 
279 
0(0%) 
.. LC were counted in electron micrographs and identified by a clear cytoplasm devoid 
of tonofilaments, a lobulated and frequently convoluted nucleus. no desmosomes and 
melanosomes, and, if present, BG. 
, Number and percentage ofLC from the total number of LC that were positive for 
BG. ' 
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stimulation index 
100 ~-----------------------------------' 
80 
60 
40 
20 
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individual tested 
Figure 4. Stimulatory capacity of epidermal cell suspension in the 
MECLR. Peripheral blood lymphocytes (responder cells) were tested 
against epidermal cell suspensions of seven individuals and of our BG-nega-
tive individual (E.N.). Results are shown as a mean ± SD. Counts per minute 
of responder cells alone were 340 and of the epidermal cell suspensions alone 
between 55 and 110. 
gesting that they represent closely packed BG (Fig 2a). The LC that 
lacked BG did not react with the MoAb LAG, and no positive 
electron-dense vesicles were found (Fig 2b). This lack of staining 
with the. moAb LAG therefore appears to correlate with the absence 
ofBG in these LC. MoAbs to CD1a, a marker for LC, and HLA class 
II showed a similar labeling pattern in LC that are BG negative and 
LC that are BG positive: CD1a was mainly present on the cell 
surface (Fig 2c,d), whereas HLA class II molecules were present in 
membrane-limited, electron-dense, intracellular vesicles (Fig 2e,f>. 
We next investigated whether these BG-negative LC are func-
tional. It is well established that LC are essential for both the induc-
tion and elicitation of allergic contact dermatitis [11]. The critical 
role ofLC in this process was demonstrated further in skin that was 
depleted of LC by exposure to ultraviolet light irradiation, as such 
LC-deficient skin could not be sensitized by the hapten dinitro-
fluorobenzene [17]. Therefore, we tested whether the individual 
could be sensitized by a hapten (diphenylcyclopropenone). We 
found that our patient, although he had no history of allergy, could 
be sensitized by this universally sensitizing hapten. Even after scru-
pulous ultrastructural investigation ofLC in the skin specimens that 
were obtained as early as 3 h after sensitization (Fig 3a) and 72 h 
after elicitation (data not shown), no BG could be found. It is possi-
ble that at 3 h after sensitization activated LC already have migrated 
from the epidermis to the peripheral lymph nodes. However, we 
also found that the sensitization phase was accompanied by a high 
cell surface HLA class II expression on some of his LC (data not 
shown), whereas at the elicitation phase, all of his LC were strongly 
HLA class II positive (Fig 3b). We have described this pattern of 
HLA class II expression previously as occurring on LC during sensi-
tization and elicitation to hal;'tens such as dinitrochlorobenzene and 
nickel in other individuals [11,16], suggesting that it reflects LC 
activation. Furthermore, we measured the stimulatory capacity of 
epidermal cells in the MECLR [12,15]. Epidermal cells were ob-
tained by the suction blister technique. In the resulting cell suspen-
sions, containing keratinocytes, melanocytes, and LC, the latter are 
the only cells that can induce HLA class II-directed alloresponses in 
the MECLR. The individual with the BG-negative LC was one of a 
group of nine volunteers whose epidermal cells were used as stimu-
lator cells in the MECLR. An average stimulation index of31.7 was 
obtained (range, 12.7 - 65.5), whereas stimulation with epidermal 
cells of our individual resulted in a stimulation index of20.3 (Fig 4). 
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Therefore, his epidermal cells induced responses of normal magni-
tude in the MECLR. 
It is well established that LC are important for inducing specific 
immune responses in the skin. As such, BG have attracted much , 
interest because they are found only in LC and might therefore be of 
importance for LC-specific functions. It has been suggested repeat-
edly that they playa role in receptor-mediated endocytosis or in 
antigen processing and presentation [5 - 10]. Although w e have no I 
formal proof that these BG-negative LC have antigen-processing 
capacity, the observation that they express normal levels of HLA 
class II antigens suggests that their HLA class II molecules contain 
peptide. Moreover, our results demonstrate clearly that these LC 
have normal antigen presentation capacity. Together our findings 
strongly suggest that BG are not a prerequisite for normal LC func-
tion irl vivo and in vitro. 
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